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METHOD OF PRODUCING A 
THREE-DIMENSIONAL STRUCTURE AND 
FINE THREE-DIMENSIONAL STRUCTURE 

TECHNICAL FIELD 

The present invention relates to a method of producing a 
three-dimensional structure, by ejecting an ultra-?ne ?uid 
comprising particulates of metal, ceramics, semiconductor, 
polymer, precursor of ceramics or polymer, or the like to a 
substrate With applying a voltage to the vicinity of a ?uid 
ejecting body having an ultra-?ne diameter, and by stacking 
them on the substrate. Further, the present invention relates to 
a ?ne three-dimensional structure formed by the method. 

BACKGROUND ART 

A relatively Wide variety of materials can be used in an 
inkjet method, and the method dose not require manufactur 
ing a photomask or a die in advance. A conventional inkjet 
recording method in Which an ink drop is made to ?oW at an 
appropriate time has been knoWn as a drop-on-demand 
method or the like, such as a pieZoelectric conversion method, 
a bubble jet (registered trademark) method, or a thermal con 
version methods of a thermal system or the like (for example, 
JP-B-61-5991). Various methods have been used in efforts to 
manufacture a three-dimensional structure using an inkjet or 
the like. 

HoWever, in the case of manufacturing a three-dimensional 
structure using an inkj et, there are some problems to be 
solved. One is that, because it is usually in a liquid state that 
is ejected by the inkjet, an ejected liquid itself can not be 
stacked up in three-dimensions. For this reason, in order to 
stack the ejected liquid, another means is required to solidify 
it. 
A method is proposed of Which a photo-setting resin is used 

as an ejection liquid, and the liquid drop is solidi?ed after 
landing on a substrate. Further, a method of manufacturing a 
three-dimensional structure by ejecting a binder such as Water 
onto a substrate made of poWder such as plaster, to solidify the 
material of the substrate, has also been practiced. HoWever, 
there is a limit to material to be used and the like in either of 
these tWo methods. 

Moreover, a conventional inkj et recording method has the 
folloWing fundamental problems to be solved to manufacture 
an ultra-?ne three-dimensional structure. 
<Di?iculties in Ejection of an Ultra-Fine Droplet> 

Currently, in an inkjet system (pieZo system or thermal 
system) that is practically and popularly used, a minute 
amount of liquid such as smaller than 1 pl can hardly be 
ejected. This is because the pressure required for ejection 
increases as the diameter of the noZZle decreases to be ?ner. 
<I,uck of Landing Accuracy> 

Kinetic energy given to a droplet ejected from a noZZle 
decreases in proportion to the cube of the droplet radius. For 
this reason, a ?ne droplet cannot possess kinetic energy that is 
suf?cient to Withstand air resistance, and accurate landing 
cannot be expected, because of air convection or the like. In 
addition, as the droplet becomes ?ne, the effect of surface 
tension increases, Which makes the vapor pressure of the 
droplet become high, and drastically increases the amount of 
evaporation (In this invention, unless otherWise particularly 
speci?ed, “evaporation” includes meaning of volatiliZation). 
With this being the case, the mass of the ?ying ?ne droplet is 
considerably lost and even the shape of the droplet can hardly 
be kept in landing. 
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2 
As described above, miniaturization of a droplet and 

increased accuracy of landing positions thereof are incom 
patible subjects so that both cannot be easily realiZed at once. 

In addition, in a special method using an inkj et method, a 
loW-melting point solder alloy (lead-tin alloy) is ejected by a 
piezoelectric-type inkjet, to form a three-dimensional struc 
ture having a height of approximately 60 pm. In this method, 
the kinetic energy of a ?ying droplet is increased, to some 
extent, by using a solder alloy having a large speci?c gravity 
as ink. HoWever, the diameter of the droplet is approximately 
from several tens of pm to 100 um (for example, Electronics 
Manufacturing, MicroFab Technologies, Inc., D. J. Hayes, W. 
R. Cox and M. E. Grove, J. 8 (1998), 209). 

Moreover, a method for forming a three-dimensional struc 
ture by an inkjet using solder utiliZes the solidi?cation of 
solder caused by a reduction in temperature When the solder 
is landed outo a substrate (for example, US. Pat. Nos. 5,736, 
074 and 6,114,187). Therefore, in the above-mentioned 
method, the kinds of liquids to be ejected are limited by their 
melting points. 

Furthermore, an electrostatic coating has been knoWn as a 
method for forming a ?lm by an electric ?eld, and this method 
aims to obtain a uniform strong coating ?lm, but the method 
cannot achieve formation of a three-dimensional structure. 
As described above, it is di?icult to manufacture an ultra 

?ne three-dimensional structure; for example, a pillar-shaped 
?ne structure, by a conventional inkj et method. 
A ?ne three-dimensional structure; above all, a structure 

having a high aspect ratio (length ratio in the direction of 
height relative to the short diameter in cross section or the 
bottom surface of a structure (height/diameter in cross sec 

tion)), is applicable to many uses, including nano technology, 
for example, through holes and bumps in a surface-mounted 
substrate and the like. For example, a method for manufac 
turing a laminated integrated circuit unit, by utiliZing a pillar 
shaped three-dimensional structure having a cross-sectional 
diameter of 25 pm as a bump, is disclosed in US. Pat. No. 
6,114,187. HoWever, if a three-dimensional structure can be 
formed With high accuracy and can be further reduced in siZe, 
an integrated circuit having smaller siZe and higher integra 
tion density can also be manufactured. 

MeanWhile, an electrohydrodynamic inkj et having a ?ne 
noZZle has been developed to realiZe the ejection of a minute 
amount of liquid (for example, JP-T-2002-538461 and JP-A 
2001-38911). HoWever, both of these technologies aim to 
take out a minute amount of liquid in a liquid state or a 
sprayed state, and hence they cannot be applied to the forma 
tion of a three-dimensional structure. Moreover, the diameter 
of a noZZle disclosed in the patent documents is several tens of 
um and cannot be satisfactory in terms of forming a ?ner 
three-dimensional structure. 
As described above, inkjet and methods for forming a 

three-dimensional structure by utiliZing the same have been 
proposed, but they cannot be said to be su?icient in terms of 
the accuracy With Which a liquid drop is landed on a substrate, 
the ?ne fabrication of a three-dimensional structure, and 
materials to be used. Therefore, a method for solving these 
problems has been required. 

Other and further features and advantages of the invention 
Will appear more fully from the folloWing description, taken 
in connection With the accompanying draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1(a) is a schematic draWing shoWing the initial stage 
of a process for manufacturing a ?ne three-dimensional struc 
ture according to the production method of the present inven 
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tion. FIG. 1 (b) and FIG. 1 (c) are schematic drawings shoW 
ing the middle stage and the ?nal stage of the process, 
respectively. 

FIG. 2(a) is a schematic draWing showing in?uence of 
focusing of an electric ?eld by the shape of a three-dimen 
sional structure formed by moving a noZZle by a large amount 
in the production method of the present invention. FIG. 2(b) 
is a schematic draWing shoWing in?uence of focusing of an 
electric ?eld by the shape of a three-dimensional structure 
formed by moving a noZZle by a small amount in the produc 
tion method of the present invention. FIG. 2(c) is a schematic 
diagram shoWing in?uence of focusing of an electric ?eld by 
the shape of a three-dimensional structure formed by further 
moving a noZZle by a small amount in the production method 
of the present invention. 

FIG. 3 is a photograph shoWing an example of the shape of 
a three-dimensional structure formed by moving a noZZle 
little by little. 

FIG. 4 is an explanatory diagram of an embodiment of an 
ultra-?ne ?uid jet apparatus Which can be used in the produc 
tion method of the present invention. 

FIG. 5 is a schematic diagram explaining calculation of a 
electric ?eld intensity of a noZZle according to the production 
method of the present invention. 

FIG. 6 is a graph shoWing dependency of an ejection start 
voltage on a noZZle diameter according to an embodiment of 
the production method of the present invention. 

FIG. 7 is a graph shoWing dependency of a print dot diam 
eter on an applied voltage according to an embodiment of the 
production method of the present invention. 

FIG. 8 is a photograph of a three-dimensional structure 
obtained in example 1. 

FIG. 9 is a photograph of a three-dimensional structure 
obtained in example 6. 

FIG. 10 is a photograph of a liquid drop that is Wetly spread 
by the production method of a comparative example 1. 

FIG. 11 is photographs shoWing results obtained When 
three-dimensional structures are formed at the respective sur 
face temperatures of substrates in example 8. 

FIG. 12 is photographs shoWing results obtained When 
three-dimensional structures are formed at the respective sur 
face temperatures of substrates in example 9. 

FIG. 13 is photographs shoWing results obtained When 
three-dimensional structures are formed at the respective sur 
face temperatures of substrates in example 10. 

DISCLOSURE OF INVENTION 

According to the present invention, there are provided the 
folloWing means: 
(1) A method of producing a three-dimensional structure, 

comprising the steps of arranging a substrate close to a tip 
of a needle-shaped ?uid-ejection body having a ?ne diam 
eter and supplied With a solution; ejecting a ?uid droplet 
having an ultra-?ne diameter toWard a surface of the sub 
strate by applying a voltage having a prescribed Waveform 
to the needle-shaped ?uid-ej ection body, making the drop 
let ?y and land on the substrate, and solidifying the droplet 
after the ?uid droplet is landed on the substrate. 

(2) The method of producing a three-dimensional structure 
according to (1), wherein an electric ?eld is focused at a 
solidi?ed substance formed of previously landed droplet, 
and a subsequent droplet is stacked on said solidi?ed sub 
stance. 

(3) The method of producing a three-dimensional structure 
according to (l) or (2), Wherein an electric ?eld is focused 
at the top of a three-dimensional substance formed of the 
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4 
solidi?ed substance of the droplet, and Wherein the three 
dimensional substance is groWn by stacking the subse 
quent ?ying droplet on the top of the three-dimensional 
substance. 

(4) The method of producing a three-dimensional structure 
according to any one of (l ) to (3), Wherein a cross-sectional 
diameter of the three-dimensional structure is controlled 
by a volatile property of the droplet ejected from the 
needle-shaped ?uid-ej ection body. 

(5) The method of producing a three-dimensional structure 
according to any one of (l) to (4), Wherein a temperature of 
the substrate is controlled in that the previously landed 
droplet on the substrate is volatiliZed to be hard enough for 
the subsequent droplet stacked thereon. 

(6) The method of producing a three-dimensional structure 
according to any one of (l) to (5), Wherein a surface tem 
perature of the substrate is controlled by at least one heat 
ing means selected from the group consisting of a Peltier 
element, an electric heater, an infrared heater, a heater 
using ?uid such as an oil heater, a silicon rubber heater, and 
a thermistor, that is ?xed to the substrate or a substrate 
supporting body. 

(7) The method of producing a three-dimensional structure 
according to any one of (l) to (6), Wherein a surface tem 
perature of the substrate is controlled in a range of from 
room temperature to 100° C. 

(8) The method of producing a three-dimensional structure 
according to any one of (l) to (7), Wherein the ?uid is a 
solution containing metal particulates. 

(9) The method of producing a three-dimensional structure 
according to any one of (l) to (7), Wherein the ?uid is a 
polymer solution. 

(10) The method of producing a three-dimensional structure 
according to any one of (l) to (7), Wherein the ?uid is a 
solution containing ultra-?ne ceramic particles. 

(1 l) The method of producing a three-dimensional structure 
according to any one of (l) to (7), Wherein the ?uid is a 
sol-gel solution of ceramics. 

(12) The method of producing a three-dimensional structure 
according to any one of (l) to (7), Wherein the ?uid is a loW 
molecular Weight compound solution. 

(13) The method of producing a three-dimensional structure 
according to any one of (l) to (7), Wherein the ?uid is a ?uid 
containing at least one solution selected from the group 
consisting of a solution containing metal particulates, a 
polymer solution, a solution containing ultra-?ne ceramic 
particles, a sol-gel solution of ceramics, and a loW-molecu 
lar, Weight compound solution. 

(14) The method of producing a three-dimensional structure 
according to any one of (l) to (13), Wherein a diameter of 
the ejected droplet is 15 pm or less. 

(1 5) The method of producing a three-dimensional structure 
according to (14), Wherein a diameter of the droplet is 5 pm 
or less. 

(1 6) The method of producing a three-dimensional structure 
according to (l 4), Wherein a diameter of the droplet is 3 pm 
or less. 

(17) The method of producing a three-dimensional structure 
according to any one of (l) to (l 6), Wherein a time required 
for the droplet to be dried and solidi?ed is 2 seconds or less. 

(1 8) The method of producing a three-dimensional structure 
according to (17), Wherein the time required for the droplet 
to be dried and solidi?ed is 1 second or less. 

(1 9) The method of producing a three-dimensional structure 
according to (17), Wherein the time required for the droplet 
to be dried and solidi?ed is 0.1 second or less. 
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(20) The method of producing a three-dimensional structure 
according to any one of (1) to (19), Wherein a ?ying speed 
of the droplet is 4 m/sec or more. 

(21) The method of producing a three-dimensional structure 
according to (20), Wherein the ?ying speed is 6 m/sec or 
more. 

(22) The method of producing a three-dimensional structure 
according to (20), Wherein the ?ying speed is 10 m/sec or 
more. 

(23) The method of producing a three-dimensional structure 
according to any one of (1) to (22), Wherein the steps are 
conducted in an atmosphere having a vapor pressure of the 
?uid loWer than a saturated vapor pressure of the ?uid. 

(24) The method of producing a three-dimensional structure 
according to any one of (1) to (23), Wherein a dielectric 
constant of the ?uid to be ejected is 1 or more. 

(25) A three-dimensional structure having a ?ne diameter 
comprises droplets having an ultra-?ne particle diameter, 
Wherein the structure is groWn by solidifying the droplets 
and stacking the solidi?ed droplets. 

(26) The three-dimensional structure according to (25), 
Wherein an aspect ratio of the structure is 2 or more. 

(27) The three-dimensional structure according to (26), 
Wherein the aspect ratio of the structure is 3 or more. 

(28) The three-dimensional structure according to (26), 
Wherein the aspect ratio of the structure is 5 or more. 

(29) The three-dimensional structure according to any one of 
(25) to (28), Wherein a particle diameter of the droplet is 15 
um or less. 

(30) The three-dimensional structure according to (29), 
Wherein the particle diameter of the droplet is 5 pm or less. 

(31) The three-dimensional structure according to (29), 
Wherein the particle diameter of the droplet is 3 pm or less. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Hereinafter, the present invention Will be further described. 
In the method of producing a three-dimensional structure 

of the present invention, a ?ne ?uid is ?oWn to a substrate 
using an electric ?eld, and it is quickly solidi?ed using rapid 
drying property of a ?ne droplet to thereby produce the three 
dimensional structure. In the method of producing the three 
dimensional structure according to the present invention, as 
an ?ne droplet, the droplet diameter is, but it is not limited, 
preferably 15 um or less, more preferably 5 pm or less, still 
more preferably 3 um or less, andparticularly preferably 1 um 
or less. A cross-sectional diameter (shorter side diameter of 
cross-section or a bottom surface) of a ?ne three-dimensional 
structure formed by this ultra-?ne droplet is preferably 15 um 
or less, more preferably 5 um or less, still more preferably 3 
pm or less, and particularly preferably 1 pm or less. Then, the 
three-dimensional structure according to the present inven 
tion is such that groWs not tWo-dimensionally but three-di 
mensionally in the direction of height, and the three-dimen 
sional structure is formed preferably in the shape in Which 
height is equal to or more than the cross-sectional diameter of 
its base portion such as a pillar. In other Words, the three 
dimensional structure has an aspect ratio of 1 or more, more 
preferably has an aspect ratio of 2 or more, still more prefer 
ably has an aspect ratio of 3 or more, and particularly prefer 
ably has an aspect ratio of 5 or more. There is not an upper 
limit to the height or the aspect ratio of the three-dimensional 
structure, and the three-dimensional structure can be groWn to 
be of an aspect ratio of 100 or more, or 200 or more, if the 
three-dimensional structure can stand by itself even if it is 
slightly bent. As for the shape of the three-dimensional struc 
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6 
ture, the three-dimensional structure can be formed in the 
shape of a circular pillar, an elliptical pillar, or even if the 
three-dimensional structure having a projected shape from 
upper side is like line, the three-dimensional structure has a 
preferable thickness as compared With the Width of the line is 
included. 

In the method of producing a three-dimensional structure 
according to the present invention, ultra-?ne droplets are 
discharged using ultra-?ne inkj et. The ultra-?ne droplets are 
evaporated extremely quickly by the in?uence of surface 
tension and the magnitude of a speci?c surface area. Hence, 
by controlling the drying and solidifying of the droplet (in the 
present invention, unless otherWise speci?ed, the terms of 
drying and solidifying means that the liquid drops are evapo 
rated and dried, thereby being increased in viscosity at least to 
a level such that the droplets can be stacked up), impact 
energy, focusing of electric ?led, and the like at appropriate 
levels, it is possible to form a three-dimensional structure 
having height. Hereinafter, these points Will be described in 
more detail. 

(Accurate Landing of Droplet With Focusing Electric Field) 
In the method of producing a three-dimensional structure 

according to the present invention, stress toWard the tip of a 
needle-shaped ?uid discharging body (hereinafter also 
referred to as “noZZle”) is continuously applied to the top of a 
structure formed by droplets that have been previously landed 
to a substrate (hereinafter also referred to as “previously 
landed droplets”) and that have been solidi?ed, in virtue of an 
effect of an electric ?eld applied to an ultra-?ne inkj et. 
Accordingly, once a structure starts groWing, an electric ?eld 
to be described later in FIG. 5 can be focused on the top of the 
structure. For this reason, an ejected droplet can be reliably 
and accurately landed on the top of the structure formed by 
the droplets having attached in advance. 

Furthermore, the structure can be groWn in the direction of 
the noZZle While it is alWays pulled by the above-mentioned 
effect produced by the electric ?eld, and hence even if the 
structure has a high aspect ratio the structure can be formed 
Without falling. These effects can e?iciently promote the 
groWth of a three-dimensional structure. 

This process is schematically shoWn in FIGS. 1(a), 1(b), 
and 1(0). FIG. 1(a) shoWs the initial stage of forming a three 
dimensional structure. An ultra-?ne droplet 102 ejected 
toWard a substrate 100 from a noZZle 101 lands on the sub 
strate 100, and being brought into the state of a solidi?ed 
liquid droplet (substance such that the liquid drop is solidi 
?ed) 103. FIG. 1(b) shoWs a middle stage in Which the drop 
lets continuously land and solidify and stack to form a struc 
ture 104. FIG. 1(c) shoWs a ?nal stage in Which the ultra-?ne 
droplets land centrally to the top of the structure having 
stacked on the substrate in the above-mentioned manner to 
form a three-dimensional structure 105. 

It is preferable that material having a high dielectric con 
stant or ?uid material having a high conductivity is used as a 
material used for the method of producing a three-dimen 
sional structure according to the present invention. For 
example, the dielectric constant is preferably 1 or more, more 
preferably 2 to 10, and conductivity is preferably 10'5 S/m or 
more. It is preferable that ?uid material easily causing focus 
of an electric ?eld is used for the method. It is preferable that 
a liquid material and a substance such that the liquid ?uid 
material is solidi?ed have a dielectric constant higher than the 
material of the substrate. An electric ?eld is generated on the 
surface of the substrate by voltage applied to the noZZle. In 
this case, When a droplet lands and attaches on the substrate, 
the density of electric line of force passing through the liquid 
becomes higher than that in a portion of the substrate Where 
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the droplet does not attach. This state is referred to as a state 
Where focusing of an electric ?eld is developed. Then, once a 
structure starts to be generated, at the top of the structure, 
there occurs polarization due to the electric ?eld or focusing 
of the electric line of force because of its shape. The droplet 
?ies along the electric line of force and the droplet is attracted 
to a portion Where the density of the electric line of force is the 
highest. That is, the droplet is attracted to the top of the 
pre-formed structure. For this reason, a subsequently ?ying 
droplet stacks selectively and accurately on the top of the 
structure. 
The substrate may be an insulating material or a conductive 

material. A driving voltage, a driving voltage Waveform, and 
a driving frequency may be changed in accordance With the 
groWth of the structure. 

The above-mentioned relationship betWeen focusing of an 
electric ?eld and the accurate attachment of a droplet to the 
top of the structure Will be explained in more detail according 
to FIGS. 2(a), 2(b), and 2(0) shoWing the relationship sche 
matically. 
<ln the Case of a NoZZle Moved by a Large Amount: FIG. 

2(a)> 
First, a three-dimensional structure 203 (three-dimen 

sional structure formed by a noZZle 201) Was formed by a 
noZZle at an initial position 201 (initial position noZZle). 
Then, the noZZle 201 Was moved by a large amount in the 
direction parallel to a substrate, and a droplet 202a (ultra-?ne 
droplet ejected from the noZZle 201a) Was ejected from the 
noZZle 201a (noZZle moved by a large amount). Effect of the 
electric ?eld Was not applied betWeen the initial three-dimen 
sional structure 203 and the tip of the noZZle 201a. Therefore, 
the droplet 202a Was not affected by the three-dimensional 
structure 203, and a three-dimensional structure 203a (three 
dimensional structure formed by the noZZle 201a) Was 
formed at a neW landing position. 
<ln the Case of a NoZZle Moved by a Small Amount: FIG. 
2B> 

Meanwhile, the noZZle 201b (noZZle moved by a small 
amount) Was moved by a small amount Within a range Where 
an electric ?eld generated by the noZZle could effect. In this 
position, a droplet 20219 (ultra-?ne droplet ejected from the 
noZZle 2011)) Was ejected from the noZZle 20119. This droplet 
20219 ?les along the electric line of force, because the electric 
?eld Was effected betWeen the top of the initial three-dimen 
sional structure 203 and the tip of the noZZle 20119. As a result, 
the liquid drop 2021) Was attracted and landed onto the top of 
the three-dimensional structure 203. When the droplets Were 
continuously ejected in this state, a three-dimensional struc 
ture 2031) having a branched shape (three-dimensional struc 
ture formed by the noZZle 2011)) Was groWn toWard the noZZle 
20119 from near the top of the initial three-dimensional struc 
ture 203. 
<ln the Case of a NoZZle Further Moved by a Small Amount: 
FIG. 2(c)> 

After the three-dimensional structure 2031) having 
branched shape Was groWn, the noZZle 2010 (noZZle further 
moved by a small amount) Was further moved by a small 
amount and a droplet 2020 (ultra-?ne droplet ejected from the 
noZZle 2010) Was ejected. In this position, because the electric 
?eld Was effected betWeen the three-dimensional structure 
2031) and the tip of the noZZle 2010, the droplet 2020 Was 
attracted and attached onto the top of the three-dimensional 
structure 2031). When the droplets 2020 Were continuously 
ejected, a three-dimensional structure 2030 (three-dimen 
sional structure formed by the noZZle 2010) having a further 
branched shape toWard the noZZle 2010 from the top of the 
three-dimensional structure 2031) Was groWn. 
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8 
An example of the three-dimensional structure that Was 

actually formed When the noZZle Was moved little by little is 
shoWn in FIG. 3. 
The facts shoWn in FIGS. 2(a), 2(b), and to 2(0) corrobo 

rate, in the method of producing a three-dimensional structure 
according to the present invention, that an electric ?eld is 
generated betWeen the tip of the noZZle and the top of the 
three-dimensional structure, and a droplet is attracted by the 
top, thereby the accurate landing of the droplet is realiZed. 
Therefore, even in the case that droplets are so ?ne that it is 
usually di?icult to secure accurate landing of droplets, 
according to the production method of the present invention, 
it is possible to guide subsequently ?ying droplets and accu 
rately stack them. A three-dimensional structure With high 
accuracy can hence be formed. 

Moreover, an electric ?eld is not appliedbetWeen the liquid 
ejection noZZle and the substrate, but an electric ?eld gener 
ated by electrodes provided separately may be used. Further 
more, a driving voltage, a driving voltage Waveform, and a 
driving frequency may be changed in accordance With the 
groWth of the structure. The three-dimensional structure hav 
ing a ?ne diameter produced by the production method of a 
three-dimensional structure according to the present inven 
tion can be made to have an aspect ratio of 3 or more, further 
5 or more, still further 10 or more depending on use. 
(Liquid Material Forming Fine Droplet) 
As for liquid material forming a ?ne droplet used for the 

method of producing a three-dimensional structure according 
to the present invention, any liquid material can be used if it 
can ?y little by little from a needle-shaped ?uid ejection body 
of an ultra-?ne droplet jet device (hereinafter, simply also 
referred to an “inkjet device”), and if it can attach onto a 
substrate. 

For example, a metal particulate paste, a polymer solution 
such as an ethanol solution of polyvinyl phenol (for example, 
Markalinker (product name)), a sol-gel solution of ceramics, 
or a loW-molecular-Weight compound solution such as olig 
othiophene can be used. 
One of these solutions may be used and a plurality of these 

solutions can be used in combination. 
Material having a considerably high drying speed and hav 

ing its viscosity changed by a large amount by drying can be 
preferably used as a material forming a three-dimensional 
structure. 

Time required for the droplet to be dried and solidi?ed, the 
?ying speed of the droplet, and the vapor pressure of solvent 
in the atmosphere can be set as appropriate according to the 
solution to be a material forming a three-dimensional struc 
ture. 

As for preferable conditions, time required for the droplet 
to be dried and solidi?ed is preferably 2 seconds or less, more 
preferably 1 second or less, and particularly preferably 0.1 
second or less; ?ying speed is preferably 4 m/ sec or more, 
more preferably 6 m/ sec or more, and particularly preferably 
10 m/ sec or more. The ?ying speed is particularly 20 m/ sec or 
less, although there is no upper limit. Atmosphere of pressure 
is preferably less than the saturated vapor pressure of solvent. 
(Control of Evaporation of Fine Droplet) 

In the method of producing a three-dimensional structure 
according to the present invention, ?ne droplets are ejected by 
the use of an ultra-?ne inkjet. In the ?ne droplet, the evapo 
ration speed of solvent becomes extremely large by the effect 
of surface tension and the magnitude of speci?c surface area. 
In particular, as the droplet becomes ?ner, the effect of surface 
tension becomes larger, and hence the vapor pressure of the 
droplet becomes higher and the droplet evaporates drasti 
cally. For this reason, there is a possibility that even When ?ne 
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droplets are produced, they might disappear before they reach 
the substrate. However, according to the method of producing 
a three-dimensional structure of the present invention, the 
evaporation of the droplets canbe controlled to an appropriate 
level by electrically charging the droplets, and therefore the 
method can realiZe accurate landing on an object even if a 
droplet is so ?ne that it is impossible in a conventional tech 
nology. 

Moreover, since the method of producing the present 
invention utiliZes the moderate evaporation of the droplet, the 
siZes of the discharged droplets can be reduced and a three 
dimensional structure can be formed With a cross-sectional 
diameter smaller than the diameters of the droplets When they 
are ejected. In other Words, according to the production 
method of the present invention, a ?ne three-dimensional 
structure can be also manufactured, Which is thought to be 
dif?cult in the conventional art, and a cross-sectional diam 
eter of the ?ne three-dimensional structure can be freely 
controlled. Therefore, it is possible to control a cross-sec 
tional diameter as appropriate not only by adjusting the diam 
eter of a noZZle or the concentration of a solid component in 
the ejection ?uid but also by using the evaporation of the 
ejected droplets. This control can be also determined in con 
sideration of Working e?iciency such as time required to form 
a three-dimensional structure in addition to a required cross 
sectional diameter. Moreover, for example, the folloWing 
method can be employed as another control method. That is, 
an applied voltage is increased to increase the amount of 
liquid for ejection, and thereby dissolve a stacked substance 
that has been previously dried, solidi?ed, and stacked. Then 
the applied voltage is loWered to decrease the amount of 
liquid to thereby again promote stacking and growth of drop 
lets in the direction of height. In this manner, by changing the 
applied voltage to repetitively increase or decrease the 
amount of liquid, it is possible to groW a three-dimensional 
structure While securing a required cross-sectional diameter. 
As for the control range of a cross-sectional diameter, in the 

case of increasing a cross-sectional diameter, With taking the 
Working ef?ciency into consideration, the cross-sectional 
diameter is preferably 20 times or less, more preferably 5 
times or less the inside diameter of the tip of the noZZle. In the 
case of decreasing the cross-sectional diameter, the cross 
sectional diameter is preferably 1/10 or more times, more pref 
erably 1/s or more times, and particularly preferably 1/2 or 
more times the inside diameter of the tip of the noZZle. 
(Substrate Temperature) 

In the process of stacking and building the solidi?ed sub 
stance of droplets on the substrate in virtue of the evaporation 
of the ejected droplets in the manner described above, accord 
ing to the method of producing a three-dimensional structure 
of the present invention, by controlling a temperature of a 
surface of the substrate, the volatile property of the liquid 
component of the droplet can be promoted When and after the 
droplet landing on the substrate, Whereby the viscosity of the 
landing droplet can be increased Within a desired period of 
time. Accordingly, for example, even under conditions Where 
the droplet is usually hard to be stacked on because the 
amount of liquid of the droplet is too large, heating of the 
surface of the substrate makes it possible to accelerate the 
drying and solidifying of the droplet, and to stack and build 
the substance of the droplets, and hence formation of a three 
dimensional structure can be realiZed. Moreover, the increas 
ing of the speed of drying and solidifying the droplet can 
make the interval of ej ecting droplets shorter and can improve 
Working ef?ciency also. 
A controlling means of the substrate temperature is not 

particularly limited, and a Peltier element, an electric heater, 
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10 
an infrared heater, a heater using ?uid such as an oil heater, a 
silicon rubber heater, or a thermistor can be used. Moreover, 
the substrate temperature can be controlled as appropriate 
according to the volatile property of liquid of material or a 
droplet to be used, and it is preferably from room temperature 
to 100° C., more preferably from 30° C. to 80° C., and 
especially preferably from 400 C. to 70° C. The substrate 
temperature is preferably set at a temperature higher than that 
of the landing droplet, more preferably approximately 200 C. 
higher than that of the landing droplet, and still more prefer 
ably approximately 400 C. higher than that of the landing 
droplet. 
As for the amount of evaporation of the droplet, it is also 

thought to control the amount of evaporation of the droplet by 
the atmospheric temperature or the vapor pressure of solvent 
in the atmosphere, but according to the production method of 
the present invention, a three-dimensional structure can be 
manufactured by an industrially preferable method of con 
trolling the temperature of the surface of the substrate Without 
using a complicated apparatus. 
(Ultra-Fine Droplet Ejection Apparatus) 

FIG. 4 is a diagrammatic vieW partly in cross section of one 
embodiment of an ultra-?ne ?uid jet apparatus preferably 
applicable for implementing the present invention. Reference 
numeral 1 in FIG. 4 denotes a noZZle having an ultra-?ne 
diameter. In order to realiZe the siZe of an ultra-?ne droplet, a 
?oW passage having a loW conductance is preferably arranged 
near the noZZle 1, or the noZZle 1 itself preferably has a loW 
conductance. For this purpose, a micro capillary tube consist 
ing of glass is preferably used. HoWever, as the material of the 
noZZle, a conductive material coated With an insulator can 
also be used. The reasons Why the nozzle 1 preferably consists 
of glass are that a noZZle having a diameter of about several 
um can be easily formed, that, When a noZZle is clogged, a 
neW noZZle end can be reproduced by cutting the noZZle end, 
that, When a glass noZZle is used, the noZZle being tapered, an 
electric ?eld is easily focused on the distal end of the noZZle 
and an unnecessary solution moves upWard by surface ten 
sion and is not retained at the noZZle end not to clog the 
noZZle, and that a movable noZZle can be easily formed 
because the noZZle has approximate ?exibility. Furthermore, 
the loW conductance is preferably 10-10 m3/ s or less. 
Although the shape having a loW conductance is not limited to 
the folloWing shapes, as the shape, for example, a cylindrical 
?oW passage having a small inner diameter, or a ?oW passage 
Which has an even ?oW passage diameter and in Which a 
structure serving as a ?oW resistance is arranged, a ?oW 
passage Which is curved, or a ?oW passage having a valve is 
cited. 

In the method of producing a three-dimensional structure 
according to the present invention, an inside diameter of the 
tip of the noZZle is preferably 0.01 pm or more in terms of 
manufacture. MeanWhile, the upper limit of the inside diam 
eter of the tip of the noZZle is preferably determined by an 
inside diameter of the tip of the noZZle When electrostatic 
force becomes larger than surface tension and an inside diam 
eter of the tip of the noZZle When discharge conditions are 
satis?ed by local electric ?eld intensity. Furthermore, it is 
preferable that an amount of the droplet to be ejected is made 
smaller than that can be solidi?ed and stacked on by evapo 
ration, and the diameter of the noZZle is preferably adjusted 
according to the preferable amount of the droplet. Hence, 
although the inside diameter of the noZZle is affected by 
voltage to be applied and the kind of ?uid to be used, accord 
ing to general conditions, the inside diameter of the noZZle is 
preferably 15 pm or less, more preferably 10 um or less. 
Furthermore, to more effectively use the effect of a focsed 
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electric ?eld, it is particularly preferable that the inside diam 
eter of the tip of the nozzle is from 0.01 pm to 8 um. 

Then, although an outside diameter of the tip of the noZZle 
is determined as appropriate in accordance With the inside 
diameter of the tip of the noZZle, the outside diameter of the 
tip of the noZZle is preferably 15 pm or less, more preferably 
10 pm or less, and particularly preferably 8 pm or less. It is 
preferable that the noZZle is formed in the shape of a needle. 

The noZZle 1 is not limited to a capillary tube but may be a 
tWo-dimensional pattern noZZle formed by ?ne-processing. 
Alternatively, a construction may be employed in Which a 
needle-shape electrode and a noZZle for supplying ?uid are 
formed separately from each other and arranged close to each 
other. 

For example, When the noZZle 1 consists of glass having 
good forrnability, the noZZle cannot be used as an electrode. 
For this reason, a metal Wire 2 (metal electrode Wire) such as 
tungsten Wire may be inserted into the noZZle 1 as an elec 
trode, or an electrode may be formed in the noZZle by plating. 
When the noZZle 1 itself is formed by a conductive material, 
an insulator may be coated on the noZZle 1. The position 
Where the electrode is arranged is not limited, and the elec 
trode may be arranged inside or outside the noZZle, or inside 
and outside the noZZle, or at a position separate from the 
noZZle. 
A solution 3 to be ejected can be ?lled in the noZZle 1. In 

this embodiment, When an electrode is inserted in the noZZle, 
the electrode 2 is arranged to be dipped in the solution 3. The 
solution (?uid) 3 is supplied from a solution source (not 
shoWn in ?gures). The noZZle 1 is ?xed to a holder 6 by a 
shield rubber 4 and a noZZle clamp 5 such that pressure is 
prevented from leaking. 

Pressure regulated by the pressure regulator 7 is transmit 
ted to the noZZle 1 through a pressure tube 8. 

The noZZle, the electrode, the solution, the shield rubber, 
the noZZle clamp, the holder, and the pressure holder are 
shoWn by a sectional side vieW, and a substrate 13 is arranged 
by a substrate support 14 (substrate holder) such that the 
substrate 13 is close to the tip of the noZZle. 
The role of the pressure regulation device according to the 

present invention can be used to push a ?uid out of the noZZle 
by applying high pressure to the noZZle. HoWever, rather, the 
pressure regulating device is particularly effectively used to 
regulate a conductance, ?ll a solution in the noZZle, or elimi 
nate clogging of the noZZle. Further, the pressure regulation 
device is effectively used to control the position of a liquid 
surface or form a meniscus. As another role of the pressure 
regulation device, the pressure regulation device gives a dif 
fered phase from a voltage pulse and a force acting on the 
liquid in the noZZle is controlled, thereby controlling a micro 
ejection rate. 
An ejection signal from the computer 9 is transmitted to an 

arbitrary Waveform generation device 10 and controlled 
thereby. 
An arbitrary Waveform voltage generated by the arbitrary 

Waveform generation device 10 is transmitted to the electrode 
2 through a high-voltage ampli?er 11. The solution 3 in the 
noZZle 1 is charged by the voltage. In this manner, the focused 
electric ?eld intensity at the tip of the noZZle is increased. 

In this embodiment, as shoWn in FIG. 5, an effect of image 
force induced on the counter substrate is utiliZed, by Which a 
?uid droplet is charged in virtue of an electric ?eld focusing 
effect at the tip of the noZZle. In this regard, FIG. 5 is a 
diagrammatical vieW schematically shoWing a state Where a 
noZZle having an inside diameter d of the tip of the noZZle and 
?lled With a conductive ink (?uid for droplet) is arranged 
vertically at a height of h from an endless plate-shaped con 
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12 
ductive material. Then, r designates a direction parallel to the 
endless plate-shaped conductive material and Z designates a 
direction of Z axis (height). Furthermore, L and p designate 
the length of a ?oW passage and a radius of curvature, respec 
tively. Q designates a charge induced at the tip of the noZZle 
and Q' designates an image charge induced at a symmetric 
position in the substrate and having an opposite charge. For 
this reason, it is not necessary to make a substrate 13 or a 
substrate supporting body 14 conductive or to apply voltage 
to the substrate 13 or the substrate supporting body 14 that is 
applied in conventional art. That is, as the substrate 13, an 
insulating glass substrate, a plastic substrate such as polyim 
ide, a ceramic substrate, or a semiconductor substrate may be 
used. Moreover, voltage to be applied can be reduced by 
increasing electric ?eld intensity focused on the tip of the 
noZZle. Furthermore, voltage applied to an electrode 2 may be 
plus or minus. 
The distance betWeen the noZZle 1 and the substrate 13 

(hereinafter, unless otherWise speci?ed, “the distance 
betWeen the noZZle and the substrate” means the distance 
betWeen the tip of the noZZle and the surface on the noZZle 
side of the substrate”) can be adjusted as appropriate accord 
ing to landing accuracy of the droplet given by an image force, 
or according to the amount of evaporation of the droplet 
during ?ight. That is, the distance betWeen the noZZle and the 
substrate can be adjusted according to an increase in the 
viscosity of the droplet due to drying of the droplet during the 
?ight. Then, the distance may be changed in accordance With 
the groWth of the structure, and thereby it may be adjusted in 
such a Way as to obtain that having higher aspect ratio. On the 
contrary, to avoid the in?uence of neighboring obtained struc 
tures close each other, the tip of the noZZle may be arranged at 
a position loWer than the height of the structures. MeanWhile, 
in the case of ejecting the droplet on a concavo-convex sur 
face of the substrate, a measure of distance is required to 
avoid the contact betWeen the surface of the substrate and the 
tip of the noZZle. In consideration of landing accuracy of the 
droplet and the concavo-convex surface of the substrate, the 
distance betWeen the noZZle 1 and the substrate 13 is prefer 
ably 500 um or less. In the case Where the concavo-convex of 
the surface of the substrate is little and a high degree of 
landing accuracy of the droplet is required, the distance 
betWeen the noZZle 1 and the substrate 13 is preferably 100 
pm or less, more preferably 50 pm or less. MeanWhile, to 
avoid the noZZle 1 from being too close to the substrate 13, the 
distance betWeen the noZZle 1 and the substrate 13 is prefer 
ably 5 um or more, more preferably 20 pm or more. 

Although not shoWn in ?gures, feedback control is per 
formed by detecting a noZZle position to hold the noZZle 1 at 
a predetermined position With respect to the substrate 13. 
Further, the substrate 13 may be held such that the substrate 
13 is placed on a conductive or insulating substrate holder. 

In this manner, the ultra-?ne ?uid jet apparatus according 
to the embodiment of the present invention has a compact siZe 
and high ?exibility of equipping place, therefore the ultra-?ne 
?uid jet apparatus can easily employ a multi-noZZle structure. 
An ultra-?ne ?uid jet apparatus described in WO 03/070381 
can be preferably used for the production method of the 
present invention. 
(Applied Voltage) 

FIG. 6 shoWs a dependence of an ejection critical voltage 
Vc on a noZZle diameter d in an embodiment of the present 
invention. As a ?uid solution, a paste of Which silver particles 
having a diameter in the order of nanometer are dispersed is 
used and measurement is conducted at a condition Where an 
noZZle-substrate distance is 100 pm. As the noZZle diameter 
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reduction, the ejection start voltage decreases. It can be found 
that ejection can be performed at a voltage loWer than that of 
a conventional method. 

FIG. 7 shoWs dependence of a print dot diameter (also 
referred to as “a diameter” hereinafter) on an applied voltage 
in an embodiment of the present invention. As a print dot 
diameter d, i.e., a noZZle diameter reductions, a decrease in 
ejection start voltage V, i.e., driving voltage can be under 
stood. As is apparent from FIG. 7, ejection can be performed 
at a voltage Which is considerably loWer than 1000 V. When a 
noZZle having a diameter of about 1 pm is used, a signi?cant 
effect of decrease of the driving voltage to the 200 V level can 
be obtained. These results resolve the conventional problem 
to decrease driving voltage, and contribute to a decrease in 
siZe of the apparatus and an increase in density of the noZZles 
of the multi-noZZle structure. 

The dot diameter can be controlled by a voltage. It can also 
be controlled by regulation of the pulse Width of an applied 
voltage pulse. Here, voltage in FIG. 6 and FIG. 7 is shoWn by 
the peak and the Width of center value of a pulse. Then, 
voltage to be applied may be an alternating current or a direct 
current. 

(Prevention, Relief of Clogging) 
The tip of the noZZle 1 of the inkjet apparatus shoWn in FIG. 

4 can be cleaned as folloWs: a method of putting a high 
pressure into the noZZle 1 and bring the substrate 13 into 
contact With the tip of the noZZle 1 to rub solidi?ed solution 
against the substrate 13; a method to bring the solidi?ed 
solution into contact With the substrate 13 to use capillary 
force acting on a small interval betWeen the noZZle 1 and the 
substrate 13. 

Further, the nozzle 1 is dipped in a solvent before the 
solution is ?lled in the noZZle 1 to ?ll a slight amount of 
solvent in the noZZle 1 by capillary force, so that the clogging 
of the noZZle at the start can be prevented. Moreover, When the 
noZZle is clogged during printing operation, the clogging can 
be relieved by dipping the noZZle in the solvent. 

It is also effective to dip the noZZle 1 in a solvent dropped 
on the substrate 13, and, at the same time, to apply a pressure, 
a voltage, and the like. 

The above measures are generally effective in the case of a 
solvent having a loW vapor pressure and a high boiling point, 
e.g., tetradecane, although it is not alWays effective depend 
ing on the types of solutions to be used. 
As Will be described later, When anAC drive method is used 

as a voltage applying method, a stirring effect is given to the 
solution in the noZZle to keep homogeneity of the solution. 
Further, When the charging properties of the solvent and a 
solute are Widely different from each other, clogging of the 
noZZle can be relieved by alternate ejection of a droplet of a 
solvent excessive and a droplet of a solute excessive, as com 
pared to an average composition of the solution. When the 
charging characteristics, polarities, and pulse Widths of the 
solvent and the solute Were optimiZed in accordance With the 
nature of the solution, a change in composition With time can 
be minimiZed, and stable ejection characteristics could be 
maintained for a long period of time. 
(DraWing Position Regulation) 

It is practical that a substrate holder is arranged on an 
X-Y-Z stage to operate the position of the substrate 13. HoW 
ever, another con?guration can be applied. In contrast to the 
above con?guration, the noZZle 1 can also be arranged on the 
X-Y-Z stage. 
An inter-noZZle-substrate distance is regulated to an appro 

priate distance by using a ?ne position adjusting device. 
In the position regulation of the noZZle, a Z-axis stage is 

moved by closed loop control on the basis of distance data 
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obtained by a laser micrometer, and the noZZle position can be 
kept constant at an accuracy of 1 pm or less. 

(Scanning Method) 
In a conventional raster scan scheme, at a step for forming 

a continuous line, circuit pattern may be disconnected due to 
a lack of landing position accuracy, defective ejection, or the 
like. For this reason, in this embodiment, in addition to the 
raster scan scheme, a vector scan scheme is employed. It is 
described in, e. g., S. B. Fuller et al., Journal of Microelectro 
mechanical systems, Vol. 11, No. 1, p. 54 (2002) that circuit 
draWing is performed by vector scanning using a single 
noZZle inkjet. 

In raster scanning, neW control softWare Which Was devel 
oped to interactively designate a draWing position on a com 
puter screen Was used. In the case of vector scanning, When a 
vector data ?le is loaded, complex pattern draWing can be 
automatically performed. As the raster scan scheme, a 
scheme Which is performed in a conventional printer can be 
properly used. As the vector scan scheme, a scheme used in a 
conventional plotter can be properly used. 

For example, as a stage to be used, SGSP-20-35 (XY) 
available from SIGMA KOKI CO., LTD. and Mark-204 con 
troller are used. As control softWare, softWare is self-pro 
duced by using LabvieW available from National Instruments 
Corporation. A case in Which the moving speed of the stage is 
regulated Within the range of 1 um/ sec to 1 mm/ sec to obtain 
the most preferable draWing Will be considered beloW. Here, 
in the case of the raster scanning, the stage is moved at a pitch 
of 1 pm to 100 um, and ejection can be performed by a voltage 
pulse, linking With the movement of the stage. In the case of 
the vector scanning, the stage can be continuously moved on 
the basis of vector data. As a substrate used here, a substrate 
consisting of glass, metal (copper, stainless steel, or the like), 
semiconductor (silicon), polyimide, polyethylene terephtha 
late, and the like are cited. 
(DraWing by Ultra-Fine Fluid Jet Apparatus) 

Because the droplet realiZed by the method of producing a 
three-dimensional structure according to the present inven 
tion is ultra-?ne, depending on the kind of solvent used for 
ink, the droplet evaporates instantly When the droplet landing 
on the substrate, thereby the droplet is instantaneously ?xed 
at a landing position. In this condition, the drying speed of the 
droplet is order-of-magnitude larger than the drying speed of 
a droplet having a particle siZe of several tens um produced by 
a conventional technology. This is because a vapor pressure is 
extremely increased by rendering the droplet ?ne. In a con 
ventional technology using a pieZoelectric method, it is dif 
?cult to form a dot as ?ne as a three-dimensional structure 

formed by the production method of the present invention, 
and the landing accuracy is loW. 

According to the production method of the present inven 
tion, it is possible to produce a ?ne three-dimensional struc 
ture, of Which aspect ratio can be freely set, With high accu 
racy and With high productivity, and possible to provide such 
a ?ne three-dimensional structure obtained by the production 
method. 

Moreover, in the above-mentioned method of producing a 
three-dimensional structure according to the present inven 
tion, various kinds of materials can be used. 

Furthermore, according to the method of producing a 
three-dimensional structure of the present invention, it is 
possible to extremely decrease the amount of energy con 
sumption required to form the three-dimensional structure, 
and to eliminate the need for an advance preparation such as 
the manufacturing of a photo mask and a die, and to facilitate 
prototype manufacturing. In addition, the method has the 
advantage of being able to put a necessary amount of 
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resources into a necessary place. Furthermore, the three-di 
mensional structure of the present invention can be applied to 
various ?ne structures such as electronic material. 

The present invention Will be described in more detail 
based on examples given beloW, but the invention is not meant 
to be limited by these. 

EXAMPLES 

Example 1 

A three-dimensional structure shoWn in FIG. 8 Was pro 
duced by the use of an inkjet apparatus shoWn in FIG. 4. 

Fine three-dimensional structures Were draWn at intervals 
of 30 pm by the use of a commercially available metal silver 
particulate paste (containing approximately 50 mass % silver 
having a particle siZe of several nm (representative value: 5 
nm), a residual consists a volatile solvent, a dispersing agent, 
a binder, and the like). 

The conditions Were set as folloWs: the inside diameter of 
the noZZle 1 Was 600 nm; temperature Was room temperature; 
voltage applied to the paste 3 in the noZZle 1 Was 500 V in 
terms of the peak-to-peak voltage of alternating current; and 
the distance betWeen the noZZle and the substrate Was 
approximately 30 pm. 
When ultra-?ne droplets Were ejected from the noZZle 

under the above-mentioned conditions, the ultra-?ne droplets 
Were ?oWn and landed on the substrate into being dried and 
solidi?ed, and into focused electric ?eld, then a three-dimen 
sional structure Was formed. 

In the case of the photograph shoWn in FIG. 8, the noZZle 
Was once stopped at each lattice point, the noZZle Was made to 
remain there for a time required for a structure to groW, and 
then the noZZle Was moved from the left to the right. A 
three-dimensional structure had a cross-sectional diameter of 
600 nm, a height of 25 um, and an aspect ratio of 42. In the 
photograph, the tops of the structures are inclined to the right. 
This is because the structures are attracted by the electric ?eld 
of the tip of the noZZle since the noZZle Was moved With the 
electric ?eld applied thereto. 

Example 2 

A three-dimensional structure Was formed under the same 
condition as in the example 1 except that an ethyl alcohol 
solution of polyvinylphenol Was used, that the inside diam 
eter of the tip of the noZZle Was 5 pm, that the peak-to-peak 
voltage of alternating current Was 450V, and that the distance 
betWeen the noZZle and the substrate Was approximately 70 
pm. 

The three-dimensional structure formed under this condi 
tion had a cross-sectional diameter of 5 pm, a height of 10 um, 
and an aspect ratio of 2. It Was found that even When polyvi 
nylphenol Was used, the evaporating and drying of ?ying 
droplets and the focused electric ?eld could groW a structure 
and could form a three-dimensional structure. 

Example 3 

A three-dimensional structure Was formed under the same 
condition as in the example 1 except that a solution prepared 
by dissolving a precursor of morphologic phase boundary 
composition (MPB) of lead Zirconate titanate (PZT Pb(Ti: 
Zr)03) in a solvent of 2-methoxyethanol and ethylene glycol, 
that the inside diameter of the tip of the noZZle Was 5 urn, that 
the voltage of direct current Was 1338 V, and that the distance 
betWeen the noZZle and the substrate Was 50 pm. The three 
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16 
dimensional structure formed under this condition had a 
cross-sectional diameter of 4 pm, a height of 8 um, and an 
aspect ratio of 2. It Was found that even When lead Zirconate 
titanate Was used, the evaporating and drying ?ying droplets 
and the focused electric ?eld could groW a structure and could 
form a three-dimensional structure. 

Example 4 

A three-dimensional structure Was formed under the same 
condition as in the example 1 except that a solution prepared 
by dissolving ?uorescent particles G25 (made by Duke, sty 
rene dinylbenZene copolymer particles having a particle 
diameter of 0.028 pm) in a mixed solvent of Water and ethyl 
ene glycol, that the inside diameter of the tip of the noZZle Was 
15 pm, that the peak-to-peak voltage of alternating current 
Was from 900 V to 1000 V, and that the distance betWeen the 
noZZle and the substrate Was 50 pm. The three-dimensional 
structure formed under this condition had a cross-sectional 
diameter of 4 pm, a height of 24 um, and an aspect ratio of 6. 
It Was found that even When ?uorescent particles Were used, 
the evaporating and drying ?ying droplets and the focused 
electric ?eld could groW a structure and could form a three 
dimensional structure. 

Example 5 

A three-dimensional structure Was formed by the use of the 
same metal silver particulate paste (nano-paste made by 
Harima Chemicals, Inc.) as in the example 1, under the same 
condition as in the example 1, except that the inside diameter 
of the tip of the noZZle Was 1 urn, that the peak-to-peak 
voltage of alternating current Was 380V, and that the distance 
betWeen the noZZle and the substrate Was 100 pm. The three 
dimensional structure formed under this condition had a 
cross-sectional diameter of 300 nm, a height of approxi 
mately 75 um, and an aspect ratio of 250. 

Example 6 

A three-dimensional structure Was formed by the use of the 
same metal silver particulate paste (nano-paste made by 
Harima Chemicals, Inc.) as in the example 1, under the same 
condition as in the example 1, except that the inside diameter 
of the tip of the noZZle Was 1 urn, that the peak-to-peak 
voltage of alternating current Was 550V, and that the distance 
betWeen the noZZle and the substrate Was 200 um. 

The three-dimensional structure formed under this condi 
tion had a cross-sectional diameter of 3 pm, a height of 180 
um, and an aspect ratio of 60 (FIG. 9). In this example, the 
groWth of the three-dimensional structure Was stopped When 
its height reached 180 um. HoWever, a three-dimensional 
structure having a largerer height can be formed. 

Example 7 

A three-dimensional structure Was formed by the use of the 
same metal silver particulate paste as in the example 1, under 
the same condition as in the example 1, except that the inside 
diameter of the tip of the noZZle Was 3 pm, that the peak-to 
peak voltage of alternating current Was 571 V, and that the 
distance betWeen the noZZle and the substrate Was 130 um. 
The three-dimensional structure formed under this condi 

tion had a cross-sectional diameter of 1 pm, a height of 100 
um, and an aspect ratio of 100. 

Comparative Example 1 

A three-dimensional structure Was formed by the use of the 
same metal silver particulate paste as in the example 1, under 






